###### Abbreviations

SARS, severe acute respiratory syndrome; SCoV, SARS coronavirus; MHV, mouse hepatitis virus; RT‐PCR, reverse transcriptase polymerase chain reaction; RNA, ribose nucleic acid.

Severe acute respiratory syndrome (SARS) is an emerging novel infectious disorder that was first diagnosed in Guangdong province in China in November 2002 and subsequently spread worldwide.[1](#bib1){ref-type="ref"}, [2](#bib2){ref-type="ref"}, [3](#bib3){ref-type="ref"}, [4](#bib4){ref-type="ref"}, [5](#bib5){ref-type="ref"} Spread of SARS is via airborne droplets, and infection results in acute pulmonary inflammation and epithelial damage.[6](#bib6){ref-type="ref"} During the initial outbreak, SARS was documented in approximately 8,000 persons globally, resulting in more than 700 deaths.

A growing body of evidence has proven that a novel coronavirus is the etiologic agent in SARS.[7](#bib7){ref-type="ref"} Electron microscopic analysis of affected lung tissues revealed the distinctive structure of a coronavirus (Fig. [1](#fig1){ref-type="fig"}). ^8^Genomic RNA of the SARS coronavirus (SCoV) has been isolated from sputum and tissue samples of SARS patients.[1](#bib1){ref-type="ref"}, [2](#bib2){ref-type="ref"}, [3](#bib3){ref-type="ref"}, [9](#bib9){ref-type="ref"} Koch\'s postulates were fulfilled with the demonstration that infection of primates with SCoV resulted in a similar clinical syndrome as observed in humans.[9](#bib9){ref-type="ref"} Evidence suggests that SARS may have originated from an animal reservoir: Viruses similar to the SCoV have been found in Himalayan palm civets sold in live‐animal markets in Guangdong, China.[10](#bib10){ref-type="ref"}

![Structure of a coronavirus. (A) Schematic of the coronavirus MHV showing structural proteins and the genomic RNA. (B) Electron micrograph of the SCoV recovered from lung tissue from a patient who died of SARS.](HEP-39-291-g002){#fig1}

The clinical severity of SARS can vary considerably, presumably because of the genetic diversity of host immune responses. Clinically, SARS is characterized by fever (100%), productive cough and shortness of breath (70%--100%), myalgia (70%), and diarrhea (25%--50%). In some cases, rapid progression of lung consolidation occurs, leading to respiratory failure and death.[4](#bib4){ref-type="ref"}, [5](#bib5){ref-type="ref"} Laboratory abnormalities include elevated lactate dehydrogenase (70%), lymphopenia (50%--70%), thrombocytopenia (50%), and hypocalcemia (60%). Liver enzyme abnormalities are common in SARS patients, although hepatic impairment has not been reported to be a prominent feature of this illness.

Coronaviruses are a diverse group of large, enveloped, positive‐stranded RNA viruses that cause a broad spectrum of diseases, including pneumonitis, hepatitis, nephritis, enteritis, and encephalitis in animals, and several of these viruses are significant veterinary pathogens.[11](#bib11){ref-type="ref"} In humans, coronaviruses usually cause upper respiratory and enteric infections, and lower respiratory tract disease is rare. There are three groups of coronaviruses; each group is classified based on host range and genomic organization.[11](#bib11){ref-type="ref"} Coronaviruses typically have narrow host ranges. Human coronaviruses belong to group 1 (HCoV‐229E) and group 2 (HCoV‐OC43). Although the SCoV does not strictly fall into any of the three groups of known coronaviruses, it bears closest resemblance to the group 2 coronaviruses, which also contain mouse hepatitis virus (MHV).

The type of disease incited by a given coronavirus is influenced by the age and genetic background of the host, the route of infection, and the biologic properties of the coronavirus serotype. The Coronaviridae share replicative and transcriptional features.[7](#bib7){ref-type="ref"} The coronavirus genome is a single, nonsegmented RNA strand with an estimated molecular weight of 6 to 8 million Da.[7](#bib7){ref-type="ref"} Coronaviruses contain an RNA‐dependent RNA polymerase that transcribes the positive template to synthesize both full‐length and subgenomic negative stranded RNAs that then serve as templates for mRNA synthesis. The polymerase is error prone, and RNA recombination occurs at a high frequency, with recombination sites observed throughout the genome, both in translated and untranslated regions, resulting in a very adaptable, mutable viral family. The three major structural proteins of coronaviruses are the nucleocapsid protein, the transmembrane protein, and the surface or spike glycoprotein.[7](#bib7){ref-type="ref"} Coronaviruses of group 2 also have a hemagglutinin esterase protein. The spike glycoprotein binds to receptors on host cells and fuses the viral envelope with host cell membranes.[7](#bib7){ref-type="ref"} Individual coronaviruses use different cellular receptors. Whereas the group 2 coronavirus (MHV) uses murine carcinoembryonic antigen‐related cell adhesion molecules, which are members of the immunoglobulin superfamily of receptors,[12](#bib12){ref-type="ref"} a number of group 1 coronaviruses such as human coronavirus 229E require the zinc metalloprotease aminopeptidase nucleocapsid protein for entry into their target cells.[13](#bib13){ref-type="ref"} Recently, the putative cell receptor for the SARS coronavirus has been identified as the metallopeptidase, angiotensin‐converting enzyme 2.[14](#bib14){ref-type="ref"}

In this issue of H[epatology]{.smallcaps}, Chau et al.[15](#bib15){ref-type="ref"} describe the clinical course and liver pathologic features in three SARS patients with liver impairment. All patients had moderate to marked elevation in serum alanine transaminase and underwent liver biopsy. Examination of these biopsy specimens suggested that liver impairment in SARS is the result of SCoV infection of the liver rather than other factors such as drug toxicity, superimposed bacterial sepsis, or a systemic inflammatory response. All three liver biopsies demonstrated hepatocyte apoptosis, and two of three had marked accumulation of cells in mitosis. Common pathologic features included ballooning of hepatocytes and mild to moderate lobular lymphocytic infiltration. Reverse transcriptase polymerase chain reaction (RT‐PCR) was positive for SARS coronavirus in liver tissue from all three patients, although virions could not be detected either by plaque assay on Vero cells or by electron microscopy.

The finding of a significant number of cells in the mitotic phase is interesting, and the authors raise the possibility of cell cycle disruption resulting from the SCoV, which has been reported in animal experimental models of MHV infection. In other studies, liver enzyme abnormalities have been reported commonly in SARS patients with an elevated alanine transaminase being the most common abnormality described. In an analysis of 138 cases of SARS, alanine transaminase was elevated in 23.4% of patients.[4](#bib4){ref-type="ref"} Because the SCoV can be detected in many different types of tissues in infected patients,[2](#bib2){ref-type="ref"} it is not surprising that direct infection of the liver with the virus can lead to liver enzyme abnormalities. However, this is the first report to associate hepatic SCoV infection and liver pathologic features.

Available data about MHV may have relevance to SARS and specifically to hepatic injury resulting from SARS. Although MHV replicates in all mice, certain strains develop a fulminant hepatitis and die, whereas others have little or no liver pathologic features and live. Within 24 hours of infection with MHV, livers from susceptible mice had focal necrotic lesions consisting of acidophilic degenerating hepatocytes and nuclear debris with a sparse inflammatory infiltrate.[16](#bib16){ref-type="ref"} By 3 days after infection, these lesions became larger, more numerous, and were associated with an infiltrate of polymorphonuclear leukocytes (Fig. [2](#fig2){ref-type="fig"}A). At 5 days, confluent necrosis was evident, and by day 7 to 10 days, the lesions were densely infiltrated with mononuclear cells and the adjoining liver parenchyma underwent hepatocyte regeneration as evidenced by many mitotic figures (Fig. [2](#fig2){ref-type="fig"}B). Early in the course of the disease, virions could be detected by both plaque assay and electron microscopy, but by day 7, virions could not be detected by either assay, which may be relevant to the report by Chau et al.[15](#bib15){ref-type="ref"} (Fig. [3](#fig3){ref-type="fig"}).

![Liver histologic analysis in susceptible mice after MHV‐3 infection. (A) Areas of focal hepatic necrosis with polymorphonuclear infiltrates (**arrow**; original magnification, ×350). (B) Confluent hepatic necrosis with mononuclear cell infiltrates (**arrow**; original magnification, ×350).](HEP-39-291-g001){#fig2}

![Assays for detection of coronavirus infection (MHV). (A) Plaque assay with fusion of cells (syncytia) on a monolayer of L2 cells stained with crystal violet. (B) Electron micrograph of liver at 3 days after infection showing typical MHV virions in a hepatocyte (**arrow**). The virions are round, mildly pleomorphic (100--120 nm), and show surface membrane thickening indicative of the corona peplomer structure.](HEP-39-291-g003){#fig3}

Defining the basis for susceptibility to severe inflammatory outcomes after coronavirus infection has obvious implications for the study and treatment of clinical SARS. Although the exact mechanisms for resistance and susceptibility to MHV3 coronavirus infection have not be determined, studies have shown that in resistant mice, infection leads to a T helper type 1 (TH1)‐dominant response that, through the production of interferon, neutralizing antibodies, and cytotoxic T cells, results in viral clearance.[17](#bib17){ref-type="ref"} In susceptible mice, viral infection results in a marked inflammatory response, with increased production of tumor necrosis factor, interleukin 1, and interferon‐γ associated with a T helper type 2 (TH2) cellular immune response and production of nonneutralizing antibodies.[18](#bib18){ref-type="ref"} This response fails to control viral infection and results in endothelial cell activation, recruitment of inflammatory cells, vasoconstriction, intravascular thrombosis, and liver necrosis.[19](#bib19){ref-type="ref"} Interestingly, fibrin thrombi and intimal swelling of pulmonary vessels have been described in autopsy samples of lung from SARS patients, and transcripts of a potent prothrombotic, fgl2/fibroleukin, have been detected. However, in the paper by Chau et al.,[15](#bib15){ref-type="ref"} similar pathologic changes were not noted in the liver biopsies. This may reflect factors such as tropism of the SCoV agent for the lung, distribution and density of the receptor for SCoV in liver compared with lung tissue, as well as host genetic factors yet to be determined. The fact that a possible receptor for SCoV has recently been identified---angiotensin converting enzyme 2---will help in clarifying organ susceptibility to infection by SARS.

At present, no effective therapeutic strategy has been developed for patients with SARS. Treatments that were used commonly in the last outbreak of SARS included ribavirin and corticosteroids.[4](#bib4){ref-type="ref"} Ribavirin was chosen because of its broad spectrum of activity against RNA viruses and steroids for their antiinflammatory properties. It is currently uncertain whether this treatment regimen had any positive impact on the outcomes. Furthermore, use of Ribavirin is associated with significant toxicity, including hemolysis resulting in discontinuation of its use. Kaletra is a combination of lopinavir and ritonavir, two human immunodeficiency virus protease inhibitors, that has been used in some patients with SARS. Again, efficacy of this medication against SARS is largely unknown. Immunoglobulin, interferons, and SCoV‐specific protease inhibitors and fusion inhibitors represent alternative therapeutic options for treating SARS patients. Interferon has *in vitro* activity against the SARS virus, and recent studies suggest this may be an effective agent, as has been shown for MHV infection in rodents.[20](#bib20){ref-type="ref"}, [21](#bib21){ref-type="ref"}

Currently, it is unknown whether SARS will recur. A global infection control effort was effective in ending the first epidemic of SARS. However, if SARS behaves in a manner similar to other coronavirus, recurrences may be seasonal. In addition, animal reservoirs may serve as a source for future outbreaks. Our knowledge and understanding of SARS has progressed at a rapid rate, but much remains unknown about this new infectious threat.
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